with the exception of two conditions in men, there was no statistically significant difference in strength between the preferred and the nonpreferred arm. The exceptions were: isometric contraction of flexors at 50" and concentric contraction of extensors at 90'. In both instances the preferred arm was stronger. The average strength of extensors expressed in percent of flexors' strength in men varied from 53-55 for concentric, [47] [48] for eccentric, and 52-57 for isometric contractions. In women it was 61-68 for concentric, 49-51 for eccentric, and 57-60 for isometric contractions. Expressed in percent of men's strength, the means of all tests for women were between 42-47 with one exception: the concentric strength of the flexors in the preferred arm, which ranged between 35-39. strength and sex; muscle A LTHOUGH MANY STUDIES have been made regarding the maximum strength of forearm flexors and extensors (l-7), no research so far has been carried out to measure and compare the maximum isotonic strength of the preferred and nonpreferred forearm flexors and extensors and to make comparison in and between the sexes. For these reasons the present study was undertaken.
Clarke (1) measured the isometric strength of forearm flexors and extensors in men. He found that the strength of forearm flexors at the elbow angles of 115 and of 40" was 74 and 51 lb., respectively.
Clarke et al. (Z), in another study, determined the strength of forearm flexors and extensors at nine different angles. They found that forearm extensors had maximum strength from 80 to 140".
Elkins et al. (4) studied the maximum isometric strength of forearm flexors and extensors in men and women. They found a gradual increase in strength of flexors as the forearm was extended, with the peak at 120". They also concluded that the extensors of the forearm were considerably weaker than the flexors, and that they could exert maximum force when under minimal or near minimal length. Doss and Karpovich (3) found that the maximum eccentric strength of forearm flexors was 39.7 % greater than their concentric strength. Sing-h and Karpovich (7) reported that the maximum eccentric strength of preferred forearm flexors was 32.7 % and of extensors was 14.2 70 greater than their respective concentric strength. They also found the maximum isometric strength of forearm flexors to be 41.6% greater than that of extensors. However, the eccentric strength of extensors at 140" was significantly less than their isometric and concentric strengths.
MATERIALS AND METHODS
The special dynamometer used in this study was the same as described elsewhere (7), except that the back rest and yokes for stabilization of shoulders were not used. The dynamometer consisted of a reversible electric motor with a gear reduction (11600) box and a lever arm attached to its output shaft, A strain gauge was built into the lever arm, and the muscular force was measured in foot pounds of torque. An electrogoniometer was attached to the axis of rotation of the lever arm and it continuously recorded the angle of rotation between 50 and 140". For testing, the subject placed his elbow on' the elbow rest and applied his force to the wrist yoke placed just proximally to the wrist joint. The yoke was placed either above or under the wrist, depending on whether flexors or extensors were being tested. In testing eccentric? force, the subject resisted the movement of the lever; in testing concentric contractions, he assisted that movement.
In both instances, the subject exerted maximum force upon the wrist yoke. In order to test the left arm, the subject reversed his position and the lever arm was elbow on rotated 180' so that he could the elbow rest platform and use place his left the wrist yoke.
During all the tests in this study the wrist was always in midposition.
Each subject was given a set of 20 tests for flexors and extensors of both arms in one session, which is understandable, because it depends on the relative muscle length. At acute angles of the elbow extensors are longer and stronger than at obtuse angles, while the reverse is true for the flexors. For this reason the ratio of extensors' strength to that of flexors' decreases with an increase in degrees of the elbow angle. From the data given in Table 2 curves were plotted (not included in this article). The general shape of all of them, except one, was the same as published previously (7). The exception was the curve of the eccentric force of the extensors. For the preferred arm, instead of becoming less than the isometric force at 100" and less than concentric at 125", it became equal to isometric strength at 90" but remained greater than concentric strength at a11 points, although coming very close at 1 lo", the difference being only 2 ft-lb. For the nonpreferred arm, the isometric strength was greater by 1 ft-lb. than eccentric strength at all points. One possible explanation of this may be that in the previous investigation (7) the forearm was in supine position and not in midposition as in the present study. The concentric strength curve was below the eccentric one; however, at 140" it was only 1 ft-lb. below.
Analysis of the data obtained on women revealed that there was no statistically significant difference in the strength of preferred and nonpreferred arms. Instead of presenting data in a tabular form, Fig. 1 arm are given because they are substantially the same as of the preferred arm. It may be seen that, for the flexors, eccentric strength was always greater than the concentric. (For the nonpreferred arm, isometric force remained below that of eccentric at all points.) For the extensors, the eccentric force at all points was above the concentric. (The same is true for the nonpreferred arm.) The isometric force, for all practical purposes, was equal to the eccentric (& 1 ft-lb.) . Table 3 gives the strength of women's extensors expressed as percent of flexors' strength.
The means for nonpreferred and preferred arms were 61 and 68 % during concentric contractions, 49 and 51 % during eccentric contractions, and 60 and 57 7~ during isometric contractions. As in men, there was also a considerable deviation from a mean. For instance, for concentric contractions of the preferred arm the range was 47-86 %. Table 4 gives women's strength expressed in percent of men's strength. The means for all tests, except one, ran between 42 and 47 %. The average for all the isotonic tests was 44.6 % and for isometric 44 %. The exception was the strength of the preferred arm during concentric contraction of the flexors, for which the mean was 37 %. This is much lower than the percent for a similar contraction in the nonpreferred arm. Inquiries among female subjects and nonsubjects regarding the use of the preferred arm, especially in carrying heavy objects, gave no information of value, An obvious explanation may be that men use the flexors of the preferred arm much more and with disproportionately greater force than women. It may be added that in our culture the man still protects the woman from carrying heavy loads. It may be of interest to compare the strength of the flexors in the preferred arm in cultures where the woman is still a beast of burden.
Incidentally, Hettinger (5) reported that the strength of the forearm flexors and extensors in women was 55 % of that in men. This figure is higher than the figures reported in this study. Examination of the range of variations shows that the total number of tests which gave percentages of 50-53 was only 9 out of 92 tests. It is interesting to note that the strength of women can be predicted with greater certainty from the strength of men than can the strength of extensor from the known strength of flexors in the same sex. Contrary to the findings by other investigators (4), extensors showed greatest strength not at the minimal length but when they were stretched, the elbow angle being 90" or less. This was true for both isotonic and isometric contractions, The present findings are in agreement with the previous results obtained by the writers (7).
